Abstract: This study aimed to evaluate superficial defects and the composition of Reciproc R25 and ProTaper Retreatment file systems (Dentsply Maillefer, Ballaigues, Switzerland) used for retreatment. A total of 100 maxillary incisor teeth were randomly divided into the following two groups: Reciproc R25 (n = 25) and ProTaper Retreatment instrument (n = 75) groups. The nickel-titanium (Ni-Ti) compositions of the files before and after use were analyzed using energy dispersive X-ray spectrophotometry (EDX). Chi-square, Mann-Whitney U, and Kruskal-Wallis tests were used to analyze the data. ProTaper Retreatment instrument group showed a significantly higher number of defects than the Reciproc group (P < 0.05). No instrument fracture was detected. The presence of debris was observed in both groups before use, although the level was significantly higher in the ProTaper Retreatment group, which consisted of metals (P < 0.05). There was no significant difference between new and used instruments with regard to Ni-Ti composition (P < 0.05). EDX analysis showed that both the Reciproc and ProTaper Retreatment instruments had a Ni-Ti composition that was within the standards specified by the American Society of Testing and Materials. This study confirmed the use of both the Reciproc R25 file and ProTaper Retreatment file system for root canal filling removal in straight root canals as a safe procedure. (J Oral Sci 58, [401][402][403][404][405][406] 2016) 
Introduction
Nonsurgical root canal retreatment is a challenging procedure that usually requires extensive effort and time. The aim of nonsurgical root canal retreatment is the complete removal of the previous root canal filling in order to regain access to the apical foramen and achieve sufficient cleaning and re-shaping of the root canal system (1) . Consequently, proper removal of both the gutta-percha and sealer is essential for successful root canal retreatment (2) . Several techniques have been developed for the effective removal of gutta-percha and sealer from root canals, including hand files, rotary systems, and softening of the material using chemicals or heat (3) . However, residual debris in the canal walls after re-instrumentation with different techniques is an ongoing issue that affects treatment outcome (2) .
The use of nickel-titanium (Ni-Ti) rotary instruments for the removal of root canal filling materials has been suggested in order to reduce practitioner fatigue and time Journal of Oral Science, Vol. 58, No. 3, [401] [402] [403] [404] [405] [406] 2016 Original Scanning electron microscopy with energy dispersive X-ray spectrophotometry analysis of reciprocating and continuous rotary nickel-titanium instruments following root canal retreatment
Elif Kalyoncuoğlu 1) , Cangül Keskin 1) , İsmail Uzun 1) , Aydın S. Bengü 2) , and Buğra Guler 3) requirements associated with these procedures (4) . The ProTaper Universal Retreatment (Dentsply Maillefer, Ballaigues, Switzerland) system consists of three files that are specifically designed for retreatment purposes. D1 (size 30, 0.09 taper) has an active tip that can penetrate into the root canal filling, whereas D2 (size 25, 0.08 taper) and D3 (size 20, 0.07 taper) have non-cutting tips (5) . Moreover, the use of a reciprocating motion with Ni-Ti instruments, as first introduced by Yared (6) , has been reported to be a faster method for removing guttapercha and sealer than the hand file or rotary technique (7). Reciproc instruments have been designed to perform a reciprocation movement. Reciproc is produced with a new Ni-Ti alloy called m-wire, which is reported to have better mechanical properties than conventional Ni-Ti alloys (8) . The manufacturer of the Reciproc R25 file states that it can be utilized to remove gutta-percha and carrier-based root canal fillings (7) . Instrument separation has been recognized as one of the most prominent risks during root canal preparation. Root canal removal can damage Ni-Ti instruments and result in defects, wear, and deformation. These defects can lead to instrument separation upon further use, and such defects cannot be detected by the naked eye. To date, no studies have been published on the surface alteration or metallurgical analysis of Reciproc instruments after use for root canal filling removal. This study aims to evaluate surface alterations and analyze the metallurgical properties of Reciproc R25 and the ProTaper Retreatment file system instruments before and after use for removing root canal filling materials. The null hypothesis is that there is no difference between Reciproc R25 and ProTaper Retreatment instruments in terms of post-use defects or deformation.
Materials and Methods
Twenty-five Reciproc R25 instruments and 25 ProTaper Retreatment set files were stabilized in a standardized position by fixing them on 23-mm scanning electron microscope specimen mount stubs. They were then examined using scanning electron microscopy (SEM) (JEOL JSM-7001F, Tokyo, Japan) prior to use. Photomicrographs were taken at ×200 magnification at 2 mm and 4 mm from the tip. Energy dispersive X-ray spec- A total of 100 extracted human maxillary anterior teeth with a single patent canal were used. Teeth with similar buccolingual and mesiodistal dimensions were selected and examined using digital radiography. The specimens were decoronated under cooling using an Isomet saw (Buehler, Lake Bluff, IL, USA) in order to standardize their lengths. The mean length of the roots was 11 mm (11 ± 1.35 mm). Following access cavity preparation, a size 15 K file was inserted into the root canal until its tip was visible at the apical foramen. Working lengths (WL) were calculated by subtracting 1 mm from the length of each file. The root canals were prepared with hand files (Dentsply Maillefer, Ballaigues, Switzerland) up to a #50/02 master apical file size. After each change of file, the root canals were irrigated with 5 mL of 5.25% NaOCl (Wizard, Rehber Chemistry, Istanbul, Turkey). Final irrigation was achieved with 5 mL of 17% EDTA (H.P, ImidentMed, Konya, Turkey), distilled water, and 5 mL of 5.25% NaOCl. The root canals were flushed with 5 mL of distilled water, dried with paper points, and obturated with cold lateral compaction using AH Plus sealer (Dentsply DeTrey, Konstanz, Germany) and gutta-percha. Root canal fillings were checked using mesiodistal and buccolingual periapical radiographs. Coronal access cavities were sealed with Cavit (3M ESPE, Seefeld, Germany). The teeth were stored at 37°C and 100% humidity for 7 days.
In the Reciproc groups, the root fillings were removed with a Reciproc R25 (VDW, Munich, Germany) file according to the manufacturer's instructions. The R25 file was powered by a VDW Silver endodontic motor (VDW Silver, Munich, Germany) and operated in "Reciproc All" mode. It was then introduced into the canal with a slow in-and-out pecking motion until two-third of the canal length was reached. The amplitude of the pecking motion was 3 mm, and a light pressure was applied during the procedure. The canals were flushed with 5 mL of 5.25% NaOCl between each movement. Following three in-and-out movements, the R25 file was pulled out of the canal to clean the flutes. After debridement of twothird of the canal length, the R25 file was introduced into the canal up to a full WL. Finally, the R25 file was used in a brushing motion against the lateral walls of the root canals to remove residual filling materials.
In the ProTaper Retreatment group, D1, D2, and D3 sequences of the ProTaper Universal Retreatment system were used according to the manufacturer's instructions. D1 was used at a speed of 500 rpm, whereas D2 and D3 were each used at 400 rpm with 3 Ncm torque. D1 and D2 were used at the coronal portion of the root canals, whereas D3 was used with a brushing motion in the coronal direction until it reached WL. Each ProTaper instrument was used three times and then discarded. No solvent was used during the experiments. The files were checked for deformation and separation after use.
The files were disinfected and cleaned through immersion in an ultrasonic bath for 25 min after which they were autoclaved. Finally, the files were wiped with gauze soaked in 70% alcohol and then allowed to dry. SEM analysis was conducted on used instruments to determine surface changes using the same parameters applied before the retreatment procedures under ×200, ×800, and ×1,200 magnifications. Pre-and postoperative photomicrographs of the instruments were compared by two trained operators who were previously calibrated by a kappa test for the following criteria: microfractures, metal defects, blunt cutting edge, debris accumulation, and tip flattening. The scoring system developed by Troian et al. was applied as follows: 1, long axis of the file with no superficial defects; 2, long axis of the file with approximately one to three areas of superficial defect; 3, long axis of the file with approximately four to five areas of superficial defect; and 4, long axis of the file with more than five areas of superficial defect (9) . EDX examination was performed to compare the composition of Ni-Ti instruments before and after use.
Data was analyzed using the chi-squared test to verify the homogeneity of the defects distribution. A general linear model for repeated measures was performed to compare compositional differences before and after use. Mann-Whitney U and Kruskal-Wallis tests were used to compare variables between the groups. The significance level was set at 0.05.
The study protocol was approved by Ondokuz Mayis University Clinical Researches Ethical Board with ID number 2015/387.
Results
The kappa test showed instrument defect results that ranged between satisfactory and excellent.
Qualitative analysis of defects
No instrument separation occurred during the experiments. After they were used in root canal filling removal, instruments in the ProTaper Retreatment group showed a higher level of defects than those in the Reciproc group, with the difference being statistically significant (P < 0.05). Therefore, the null hypothesis was rejected. Table  1 shows the count and distribution of instrument defects in each group before and after use.
In both the Reciproc and ProTaper Retreatment groups, blunt cutting edge, microfractures, and tip flattening were absent prior to use. Microfractures were detected in ProTaper Retreatment D1 and D3 files after three uses, whereas no Reciproc R25 instrument showed microfractures. The incidences of metal defects, blunt cutting edges, and microfractures were significantly higher in the ProTaper Retreatment group than in the Reciproc group after use (P < 0.05). Tip flattening was detected in one Reciproc R25 file (Fig. 1 ) but in none of the ProTaper Retreatment instruments. Debris was present on both Reciproc and ProTaper Retreatment instruments before use, although ProTaper Retreatment instruments exhibited significantly higher amounts of debris than the Reciproc R25 instruments (P < 0.05). SEM EDX analysis indicated the presence of Ni-Ti in these debris samples. After use, debris was also detected on both Reciproc and ProTaper Retreatment instruments. There was no statistically significant difference in the amount of debris present after use (P > 0.05). The debris after use was also analyzed, and carbon, oxygen, calcium, and phosphorous were detected.
Defect and deformation score analysis
The mean scores before and after use in the instruments with tips up to 4 mm are shown in Table 2 . Following use, all ProTaper Retreatment instruments presented a higher level of defects and deformation scores than the Reciproc R25 instruments (P < 0.05).
EDX analysis of Ni-Ti composition
Percentage changes in Ni-Ti compositions in instruments were analyzed using EDX (Fig. 2) . Table 3 shows the alterations in the Ni-Ti compositions of instruments before and after use as detected using EDX analysis. No statistically significant change in metal composition was detected when comparing the new and used instruments (P = 0.871).
Discussion
The present study compared the presence or absence of defects in Reciproc R25 and ProTaper Retreatment files used for root canal filling removal using SEM. SEM is a common method that has been used in many studies to accurately evaluate instrument deformation (10, 11) . Additional EDX analysis provides a microanalytic approach with quantitative results (12) . While SEM displays different atomic number elements and their distribution, EDX identifies those particular elements and their relative proportions (12) . In the present study, EDX analysis revealed that both Reciproc R25 and ProTaper Retreatment instruments are manufactured using Ni-Ti alloys with an elemental composition that is within the normal standards, as specified by the American Society of Testing and Materials, for wrought Ni-Ti alloys used in medical devices and surgical implants (13) . Reciproc instruments are composed of m-wire, whereas ProTaper Retreatment instruments are made of conventional superelastic Ni-Ti wire (Nitinol Devices & Components Inc., Fremont, CA, USA). Ni-Ti wire, which has undergone a thermomechanical treatment, is used to manufacture m-wire (8) . The superior properties of m-wire might result from this thermal treatment rather than its raw material composition (14, 15) . EDX analysis in this study also revealed that the alterations in both instruments after use were only limited to the materials' physical properties and root canal removal procedures did not affect their metallurgical properties. The Reciproc R25 file is not specifically designed for root canal filling removal, although its efficacy has been previously reported (7) . The present study showed that the Reciproc R25 file exhibited significantly fewer defects when compared to ProTaper Retreatment files. The kinematics of reciprocation promotes a significant reduction in the screw-in effect, with an improved reduction in stress originating from compression and bending (15) . This difference might be attributed to the favorable reciprocation movement and superior cutting efficacy of the Reciproc file, which is due to its S-shaped crosssectional design (16) . Moreover, each Reciproc R25 file was used only once, whereas ProTaper Retreatment files were used three times, according to the manufacturer's instructions. Tip flattening was observed in one Reciproc R25 file, although this might have been caused by the friction of the instrument tip against the root canal fillings.
The results of this study are consistent with those of a previous study that evaluated surface alterations in ProTaper Retreatment files and reported microcracks and blunt cutting edges after three uses (11) . The same study also stated that retreatment instruments have a tendency to fracture after the third use (11) .
A previous study stated that no new Ni-Ti instrument was free from defects or debris of metal particles resulting from the machining process (17) . These defects might contribute to wear or deformation of the instrument after clinical use. The Ni-Ti instruments used in the present study were labeled as sterilized prior to packaging, although debris of both Ni-Ti particles was observed in some samples of both instruments. Indeed, we found a statistically significant difference between the amount of metal debris present before use in Reciproc R25 and ProTaper Retreatment files. This result is supported by previous studies, which have also reported excessive metal debris and irregular surfaces on instruments after machining (17, 18) . After the use and sterilization process conducted in the present study, organic debris was still detected in specimens of both groups, supporting the importance of single-use instruments to prevent crosscontamination.
No instrument separation of either system occurred during root filling removal. This finding is in accordance with that of previous studies reporting a fracture rate for single-use Ni-Ti instruments <1% (19, 20) . In another study, Reciproc R25 instruments have been reported to not fracture until the 12th use for root canal shaping, although it has still been suggested that Reciproc R25 files should be single-use instruments (21) . Reciproc instruments also have an S-shaped cross-sectional design, and this design enables superior cutting efficacy (16). Plotino et al. also evaluated Reciproc instruments after clinical usage for retreatment and reported a very low fracture rate (22) . The present study used Reciproc instruments only once and ProTaper Retreatment instruments for three uses according to the manufacturers' suggestions. Following the manufacturers' suggestions during root canal filling removal might contribute to the absence of fractures.
ProTaper Retreatment files apply a cutting action on gutta-percha due to their negative cutting angle and lack of a radial guide, and they remove large amounts of filling material during retreatment (23) . A previous study reported fractures during root canal removal with ProTaper Retreatment files. High taper and rotation speed has been correlated with increased torsional fatigue of instruments in curved root canals (24) . In the present study, the lack of instrument separation might also be attributed to the favorable anatomy of a single straight root canal. Moreover, a single operator (an endodontist with experience in reciprocation systems) performed all root canal removal procedures to standardize any operator's effect.
Single use of instruments has been suggested to ensure an absolutely safe procedure with strict contamination control. However, this and previous studies have shown that defects can occur even in unused instruments (17) .
Fracture was not observed in the Reciproc R25 files, which were used once, or in the ProTaper Retreatment instruments, which were used three times. A significant difference was found between the two systems in terms of defects; Reciproc R25 instruments had more favorable results than ProTaper Retreatment instruments. Since no complete fracture was detected, both Reciproc R25 and ProTaper Retreatment instruments are safe to be used for root canal removal.
